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(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemi- 
cal House, Millbank, London, SWIP 3JF, a 
British Company, do hereby declare the inven- 
tion, for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in. and by the following statement: — 

The present invention relates to electrically- 
conductive fibres and to methods for their 
manu&icture. 

Numerous processes have been disclosed in 
the prior an for obtaining electrically conduc- 
tive textile materials. A major difficulty has 
been to obtam a textile material having dur- 
able antistatic properties. 

We now provide a fibre having antistatic and 
electrically-conductive properties which are 
very resistant towards washing, scouring, dry- 
cleaning, abrading and other processes to 
which the fibre may be subjected. 

According to one embodknent of the present 
invjention we provide a drawn electrically-con- 
ductive textile fibre made from at least one 
man-made polymeric material having electric- 
ally-conductive particles penetrating into a 
layer integral with the fibre and located so as 
to form at least a portion of the peripheral 
surface of the fibre, the electrically-conductive 
particles being present in an amount sufficient 
to render the electrical resistance of the fibre 
less than 5X10^ ohm/cm. By an electrically 
conductive fibre we mean a. fibre whidi ex- 
hibits electrical conductivity along its length 

.or-along part of its. length. „ 

The term fibre as used herein includes con- 
tinuous filaments, and staple fibre. The fibre 
may be a constituent of a multifilament yarn. 



a knitted or woven fabric or a bonded or un- 
bonded non-woven fibrous web or assembly. 

The man-made fibre may be a homofibre or 
a conjugate fibre. Where the fibre is a con- 
jugate fibre, we provide, according to one em- 
bodiment, a drawn electrically conductive con- 
jugate fibre comprising at least two fibre- 
forming polymeric components arranged in 
distinct zones across the cross-section of said 
fibre and being substantially continuous along 
the length of said fibre, a first component hav- 
ing a lower melting point than the second com- 
ponent and being located so as to form at least 
a portion of the peripheral surface of said 
fibre, said first component having electrically- 
conductive particles penetrating into an integral 
outer surface layer in an amount sufficient to 
render the electrical resistance of the fibre less 
than 5X10** ohm/cm. 

Examples of suitable horaofibres are those 
derived from a polyamide, such as poly- 
(epsilon caprolactam) or poly(hexamethylene 
adipamide), a polyester, such as poly(ethy- 
lene terephthalate), a polyolefin, such as poly- 
propylene, a polyvinyl derivative, such as poly- 
(vinyl chloride) or polyacrylonitrile, or a 
cellulose ester, such as cellulose acetate. Where 
the fibre is conjugate fibre the components of 
the conjugate, fibre may be arranged side-by- 
side or one component may be completely sur- 
rounded by another component, i,e. in a con- 
centric or eccentric sheath* and core relation- 
ship with the component forming the sheath- 
being a lower melting component, or the con- 
jugate fibre, may be of noii-circular form, for 
example, trilobai with one or more of the 
lobes being formed at least in cart by a lower 
melting component. Examples of suitable con- 
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jugate fibres are bicomponent fibres such as 
poly(epsilon caprolaciain)/poly(hexainethy- 
lene^adipamide) fibres, poIy(epsflon capro- 
lactam-hexamethjiene adipamide)/poly(hexa- 

5 methylene adipamide), poly(ethylene tere- 
phthalate - ethylene adipate) /poly (ethylene 
terephthalate), poly(eihylene terephthalate- 
ethj-lene irophthalate) /poly (ethylene tere- 
phthalate) fibres, the first mentioned com- 

10 ponent being the lower melting component. It 
is preferred that the lov.-er melting component 
has a melting point of at least 30^Q prefer- 
ably at lerst 40^C, below that of the other 
component. The fibres of ure in the present 

15 invention may contain known additives such as 
dyestuffs, pigments or antioxidants. 

Where the conjugate fibre has a sheath-core 
structure, the ratio of sheath to core is not 
critical but it is preferred that the sheath be 

20 relatively thin in order that the mechanidl 
properties of the fibre be similar to those of a 
fibre composed entirely of the core com- 
ponent. 

It is preferred that at least some of the 

25 particles of electrically-conductive material arc 
penetrated into the outer surface layer to a 
depth of at least 0.3 microns. It is also pre- 
ferred that the particles are penetrated to a 
raaximimi depth of less than 4 microns. 

30 We also provide a process for makin.q; an 
electrically-conductive textile fibre comprising 
coating a drawn fibre made from at least one 
man-made polymeric material with electric- 
ally conductive particles and softening a layer 

35 integrally with the fibre, and located so as 
to form at least a portion of the peripheral 
surface of the fibre, v/hereby the particles are 
caused to penetrate into the surface layer in 
an amount sufficient to render the electrical 

40 resistance of the fibre less than 5X 10' ohm/ 
cm. 

Softening the outer surface layer of the 
fibre may be achieved by thermal treatmeir, 
by application of a plasticising agent or by a 

45 combination of both. Softening may also be 
achieved by thermal treatment in conjuncrion 
with applied pressure. 

The coating and softening steps may be car- 
ried out simultaneously or in sequence. 

50 Fimher, an additional softening treatment of 
the outer surface layer of the fibre may be car- 
ried out prior to the coating step. 

Where the fibre is a homofibre, it is pre- 
ferred that the combination of a plasticising 

55 agent and a heat treatment be used to soften 
the outer surface layer of the fibre. The sur- 
face layer of the treated fibre may be subjected 
to a further softening treatment. 

Where the man-made fibre is a conjugate 

60 fibre, we provide, according to one embodi- 
ment» a process for making a drawn electric- 
ally-conductive conjugate fibre wherein a con- 
jugate fibre comprising at least two fibre- 
foiming polymeric components arranged in 

65 distinct zones across the cross-section of said 



fibre and bring substantially continuous along 
the length of said fibre, a first component hav- 
ing a lower melting point than the second 
and being located so as to form at least a por- 
tion of the peripheral surface of said fibre, is 70 
coated with eleicrically-conductive particles 
at an elevated temperature, which is below the 
melting point of the second component, suffi- 
ciint to cause said particles to penetrate into 
an outer surface layer of said first component 75 
in an amount suSicient to render the electrical 
resistance of the fibre less than 5X10'* ohm/ 
cm. 

In a preferred embodiment of this process, 
the coated fibre is subjected to further heat- 80 
ing at an elevated temperature below the melt- 
ing point of said second component. 

The particles of electrically-conductive 
material may be, for example, electrically-con- 
ductive carbon black or finely divided metal 85 
potvder such as silver or gold. In the case of 
metal powder, an inert atmosphere may be 
employed in the process to prevent oxidation. 

The particles of electrically-conducuve 
material arc preferably of average diameter 90 
less than 5 microns, more preferably less than 
1 micron. 

It is preferred that the particles of clertnc- 
ally-conduaivc material are present in the 
outer surface layer of the fibre in an amount 95 
such as to occupy a volume of at least 0.03 
mis per square metre of the softenable sur- 
face of the fibre. 

The particles cf dectrically-conduciivc 
material, may be applied to the fibre from a 100 
bath, from a fluidised bed, as a gis cloud, 
by electrostatic deposition or as a dispersion 
in a liquid. In the latter case the liquid may 
contain or comprist a plasiicising agent for the 
outer surface layer cf the fibre. 105 

The parucles of electrically-conductive 
material may be applied non-uniformly to the 
fibre, for example, by intermittent application 
of particles across or along the fibre. In the 
case of application of the electrically-conduc- 110 
tive material to a multifilament yam, it is pre- 
ferred that the yarn should have low or zero 
twirt and that the individual filaments be kept 
separate during the treatment or that each 
filament be coated with the particles of the 115 
electrically-conductive material before soften- 
ing the surface layers of the filaments in order 
to prevent the filaments fusing to one another. 

The plasticising agent should be chosen so 
as to soften the surface of the fibre sufficiently 120 
to allow penetration of the particles of elec- 
uically-conductive material and should be 
sufficiently involatile to remain in or on the 
fibre for a sufficient time to allow the particles 
of electrically-conductive material to penetrate 125 
into the surface layers of the fibre. On the 
other hand the plasticising agent may be re- 
movable by heat or by washing. 

A solvent for the polymer comprising the 
outer surface of the fibre may be used as a 130 
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plastidsing agent in which case application of 
the solvent should be controlled such that 
softening of the fibre is confined to an outer 
surface layer, 

5 Examples of compounds which are suitable 
as plastidsing agents for polyamide fibres in- 
clude benzaldehyde, benzyl alcohol, methyl 
salicylate, o-dichlorobenzene, dimethyl 
phthalate, diethyl oxalate, diethyl succinate, 

10 tetrachloroethane, o-phcnylphenol, l-phenyl- 
ethanol. 

Examples of compoiinds which are suitable 
as plastidsing agents for polyamide fibres in- 
--- dude ethylene glycol, diethylene glycol, gly^ 
15 cerol, polyols, polyethylene glycols, saturated 
steam, phenols, dimethyl formamide, benzyl 
alcohol, dimethyl sulphone, sulphuric^ acid, 
and mixtures of methanol with lithium 
chloride, magnesium chloride or calcium 
20 diloirde, dibutyl tartrate, ethyl phthalate, 
ethyl glycolate, soft resins such as poly(vinyl 
aceate), ester gum, coumarone resins and lower 
molecular weight alkyd resins. 

The plasticising agent may be applied in 
25 undiluted form or may be diluted by dissolv- 
ing or dispersing it in a medium which does 
not react adversely either with the plastidser 
or the substrate. 

The plastidsing agent may be applied by 
30 way of the known methods of applying liquid 
media to fibres, for example, by a lidc roll, 
by metering or by spraying. 

The process for making electrically conduc- 
tive fibre or fibres may be continuous. One em- 
35 bodiment of a continuous process comprises 
subjecting a conjugate fibre, consisting of at 
least two fibre-forming polymeric components 
arranged in distinct zones across the cross- 
section of said fibre and being substantially 
40 continuous along the length of said fibre, a 
first component having a lower melting point 
than the second component and being located 
so as to form at least a portion of the peri- 
pheral surface of said fibre, to the steps of 
45 coating with elearically-conductive paiticles, 
heating said fibre such that an integral outer 
surface layer of said first component is 
softened suffidently to cause an amoimt of 
said partides to penetrate into said surface 
50 layer sufficient to render the dectrical resist- 
ance of the fibre less than 5X10^ ohm/cm, 
subsequently cooling said surface layer to con- 
vert it to a non-softened condition and finally 
collecting the fibre. The cooling zone may 
55 comprise natural cooling or forced cooling. 
The latter may be achieved by directing a 
stream of cool air on to the fibre. 

The electrically-conductive fibres of the 
present invention in the fomi of monafilaments 
60 and multifilament yarns are particularly useful 

- for imparting antistatic effects to fabric and 

carpet constructions where good durability of 
the antistatic effects is important. Useful anti- 
static weft-knitted fabrics may be produced by 
65 feeding the electrically-conductive fibres to the 



dial needles only of a weft-knitting machine. 
The electricaly-conductive fibres may be com- 
bined with conventional textile fibres using any 
known means.. For certain applications it is 
preferred that the electrically-conductive fibre 70 
be crimped. The electrically-conductive fibres 
may be crimped by any laiown crimping tech- 
nique such as, for example, edge crimping or 
a Imit-de-knit operation. Potentially self- 
crimpable fibres, in which the components are 75 
arranged in a side-by-side or eccentric sheath- 
core relationship, are also useful in the present 
invention. The fibres of the present invention 
in the form of fabrics or non-woven fibrous 
webs or asremblies are useful for the produc- 80 
tion of heating elements, printed circuits, and 
antistatic hoses, carpet backings and linings. 

The following examples, in which all parts 
and percentages are by weight, illustrate but 
do not limit ^e present invention. 85 

EXAMPLE 1 
A drawn 22 dtex sheath-core monofilament 
was made having a core derived from poly- 
(hexamethylene adipamide) and a sheath , de- 
rived from a copolyamide containing 70% of 90 
hexamethylene adipamide units and 30% of . 
caprolactam units. The copolyamide of the 
sheath had a softening temperature of 190*^0. 
The wdght ratio of sheath: core was 1:1. 

The sheath-core monofilament was coated 95 
in a continuous process with a conductive oil 
fumacc carbon black, Vulcan PF (manufac- 
tured by Cabot Carbon Ltd), of average par- 
ticle diameter 0.02 microns. Coating v/as car- 
ried out by guiding the monofilament, ruiming lOO 
at 150 ft/min, into and through a bath of the 
carbon black maintained at 210^C. In order 
to achieve continuous application of the carbon 
black to the monofilament, a pigtail guide, 
through v/hich the minofilament passed, v/as 105 
located in the carboin black and redprocated 
at 3 cycles/second in a plane transverse to 
the directon of travel of the monofilament. 
After washing off loosely adhered carbon black 
and drying, the monofilament had an electrical 110 
resistance of 5X10° ohms/cm. Optical photo- 
graphs of cross-sectional segments of the mono- 
filsment showed that the carbon black had 
penetrated into the sheath component to a 
depth of approximamtely 2 microns. 115 

EXAMPLE 2 
Example 1 was repeated except that the 
drawn monofilament was of 11 dtex and had 
a core derived from poly(ethylene tere- 
phthalate) and a sheath derived from a co- 120 
polyester confining 80% of ethylene tcre- 
phthalate imits and 20% of ethylene iso- 
phthalate tmits. The copolyester of the sheath 
had a softening temperature peak of 205^C as 
determined by differential scanning calori- 125 
met^5^ The conductive monofilament a> pro- 
duced had an electrical resistance of 10^ 
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ohms/an after washing off loosely adhered 
carbon black. 

EXAi^.lPLE 3 
A drawn sheath-core mononlanient as in 

5 Example 1 was passed at 100 ft/min over a 
horizontal hot-plate at 210'^C on top cf 
which carbon black, as in Example 1, vrss 
located by means of side walls on the hot- 
plate. The running nionofilament v/as hori- 

10 zonialli^ traversed at 4 cycles/second After 
leaving the hot-plate, the monofilament was 
immediately passed over a 30.5 cm long hot- 
plate maintained at 215^C. The effects of 
passing the monofilaiTient "over the second 

15 hot-plate were (i) to cause carbon black, 
loosely adhered to the monofilament, to pene- 
trate into the surface layers of the sheath thus 
removing the necessity for a washing-olf ueat- 
ment, (il) to decrease the electrical resistance 

20 of the monofilament and (iii) to increase the 
abrasion resistance of the conductive proper- 
ties of the monofilament. The monofilament so 
produced had an electrical resistance of 10**' 
ohms/cm. 

25 After 3,000 rubs in Martindale sbrader, m 
the form of a knitted fabric, the mono-filament 
had an electrical resistance of 2x10^ ohms/ 
cm. The Martindale abrader was of the stan- 
dard design as described in J Test Inst 1942, 

30 33, T151. 

When an as-spun, i.e. undrawn, sheath-core 
monofilament was coated with carbon bla-ck 
in a similar manner and then subjected to 
drawing at a draw ratio over 2.0: h the rcsult- 

35 ant monofilament had an clectricd resistance 
of 10'^ ohms/cm. 

EXAMPLE 4 
A drawn 22 dtex sheath-core monofilament 
was made having a core derived from poly- 

40 (hexamethylene adipamide) and a sheath de- 
rived from a copob^amide containing 75%, of 
hexamethylene adipamide units and 25% of 
caprolactam units. The weight ratio of sheath: 
core was 1:1. 

45 The sheath-corc monofilament was coated 
in a continuous process with a conductive oil 
furnace carbon black, Vulcan XC72R (monu- 
facturtd by Cabot Carbon Ltd), of average 
particle diameter 0.03 microns. Coating was 

50 carried out as in Example 3 except that the 
temperature of the first and second hot-plates 
were 215'' and 220''C respectively. The 
monofilament so produced had an electrical 
resistance of 10*" ohm/cm. 

55 EXAMPLE 5 

A drawn 20 dtex side-by-side bicomponent 
monofilament was made having one com- 
ponent derived from poly(ethylene tere- 
phthalate) and the other component derived 

60 from a copolyester containing 80 of ethy- 
lene terephthalate units and 20 --> of ethylene 
isophthalate units. The monofilament was 



treated with carbon black as in Example 3. 
The resultant monofilament had an electrical 
redsiance of 5 X 10' ohms/cm. Optical photo- 65 
graphs of cross-sectional segments of the 
nionofilament showed that the carbon black 
had penetrated into the outer surface layers 
of the copotyesier component. 

EXAMPLE 6 70 
A drawn 22 dtex sheath-corc monofilament 
as in Example 1 v/as ueated with a conductive 
0:1 furnace carbon black. Vulcan XC72R, in a 
3 fi long fluidised bed. The fluidised bed bad 
a porous base through which air at 210°C was 75 
blown into the carbon black. The monofila- 
ment was passed through the fluidised bed at 
500 ft/min tlien over a 3 ft long hot-plate 
maintained at 215^C. The resultant conduc- 
tivc monofilament had an decirical resistance 80 
of 2x10** ohms/cm. 

EXAMPLE 7 

A drawn 33 dtex trilobal 66 nylon homo- 
filament was passed at 300 fpm over a cotton 
w-ool pad soaked in ethylene glycol and then 85 
passed directly through a ten inch long bath 
of the carbon black used in Example 4 
mounted on a vibrating plate heated to 225^C; 
nficr leaving the carbon bath the fibre was 
passed over a 3 foot long hotplate at 245^C, 90 
and was then wound up. 

The initial tenacity of the untreated fibre 
was 5.5 g/dtex. After the treatment the ten- 
acity was 3.6 g/dtex and the fibre had an 
electrical resistance of 2.00 X 10* ohms/cm 95 
(after thorough cleaning). 

EXAMPLE S 

A drawn 27.5 dtex poIy(eihylene tere- 
phthalate) circular monofilament was fed at 
300 fpm over a cotton wool pad soaked with 100 
benzyl alcohol and then fed through the caibon 
bath of Example 7 which was now maintained 
at 223^0. The sample was wound up without 
any post heat treaunent. 

The iniual tenacity was 3.7 g/dtex. After 105 
treatment, the fibre had a tendency of 3.0 
g/dtex and an electrical resistance of 1.0 x 10* 
ohms/cm (after thorough cleaning). 

EXAMPLE 9 

An 80 decitex drawn yam was made coi>- 110 
sisting of 10 sheath-core filaments each of 
which had a core derived from poly(cthyIene 
terephthalate) and a sheath derived from a 
copolyester cohtaininng 80% by weight of 
e±vlene terephthalate units and 20% by 115 
weight of the ethylene isophthalate units. The 
copolyester of the sheath had a softening tem- 
perature peak of 205^C as determined by dif- 
ferential scanning calorimetry. The weight 
ratio of sheath . core was 1:2. 120 

The drawTi yam was pased at 300 ft/min 
through a bath of the carbon black used in 
Example 4 at 120^C, the base of the bath 
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being vibrated so as to keep the carbon black 
in motion. From this bath the yam was passed 
over a hot-plate at 200''C After thorough 
washing and drying, the treated yam had an 
5 electrical resistance of 2x10^ ohms/cm and 
the individual filaments, which were not ad- 
hered, had electrical resistances of 4x10' 
ohms/cm. 

EXAMPLE 10 
10 A 3 ounce/square yam bonded non-woven 
fabric, made from hicomponent continuous 
filaments having a nylon 6.6 core and a nylon 
6 sheath, was immersed for about 10 minutes 
in an aqueous dispersion of the carbon black 
15 used in Example 4 together with a dispersant. 
A sample of the coated fabric was dried in 
an oven at 120**C for 15 minutes and was then 
heated at about 220°C for 15 mmutes. The 
treated fabric was subsequently washed 
20 thoroughly and dried. The lengthwise electrical 
resistance of a 6 inch square of the treated 
fabric was 750 ohms. 

A further sample of the coated fabric was 
heat tic J ted by pressing between metal plates 
25 at aboui 220°C for 10 seconds. It was found 
that unless the coated fabric was subjected to 
pressure, the carbon could be removed by sub- 
sequent washing. 

The treated fabrics were used to produce 
30. heating elements by affixing copper strip elec- 
trodes nt opposite ends of the fabric and cover- 
ing the top and bottom surfaces of the treated 
fabric wdth poly(vinyl chloride) film. On con- 
necting the electrodes to a 240 volt A.C. 
35 supply, the surface of the heating element 
achieved a temperature of about SO^^C. The 
heating element was highly flexible. 

EXAMPLE 11 
A 1600 decitex drawn yam was made con- 

40 sisting of 700 sheath-core filaments each of 
which had a poly(ethylene terephthalate) core 
and a sheath derived from a copolyester con- 
taining 80 ^;v. by weight of ethylene tere- 
phthtalate units and 20% by weight of ethy- 

45 Icnc adipate units. The weight ratio of sheath : 
core was 1:2. 

The yarn was passed into a bath containing 
an aqueous dispersion of 7% by weight carbon 
black (Vulcan XC-72R, Cabot Carbon) and 

50 1% by weight of a naphthalene sulphonic add 
condensate. It was then passed through a 
driven nip-roll to squeeze off excess liquid, 
dried over 4 driven heated rolls maintained at 
180°C and collected on a wind-up machine at 

55 50 ft/min. A 10 ft length was placed hi a 
zig-zag pattern on a polyester fabric held 
in a stenter 20" X 20" square. The stenter was 
then fed through an oven at 195°C with a 
dwdl time of 3 minutes. This heat treatment 

60 resulted iii carbon bladt becoming embedded 
in the sheath. Excess carbon black was washed 
off in a beaker of water containing an ethylene 
oxide condensate of octyl cresol The yam 



was allowed to dry in the atmosphere. The 
resistance of each filament was in the range 
IQs — 10^ ohms/cm. 

EXAAIPI^ 12 
The drawn imtreated yam from Example 
11 was cut into 10 cm staple and a handful 
then dipped into a bath of the aqueous dis- 
persion of carbon black and through the driven 
nip-roll as ia Example 11. It was then allowed 
to dry in the atmosphere, before being placed 
in an enclosed oven at 106^C for 10 minutes. 
The impregnated staple was washed as in Ex- 
ample 11 and dried in the atmosphere. The 
resistance of each filament was in the range 
10^ — 10' ohms/cm. 

EXAMPLE 13 
1% by weight of the carbon impregnated 
hetcronlament yam described in Example 11 
and cut to f cm lengths was blended with 99 % 
by weight of 6 cm polyfethylene terephthalate) 
Staple on a carding machine. 500 dedtex staple 
yarn was produced by conventional staple pro- 
cesdng. Double jersey fabric was knitted on a 
16- end knitting madiine such that 1 end in 4 
was the above feeder yam and the other ends 
were standard 250 decitex polyethylene tere- 
phthalate staple yam. The yam containing the 
conducting staple was imitted such that it re- 
mained on the back of the fabric and did not 
appear cn the surface. Samples of the fabric 
(about 9 oz/sq yd) were pressure d3red to a 
variety of colours. The bade of tl^ fabric 
showed the black conducting fibres in the pale 
shades, such as yellow and orai^e. However, 
the black fibres were not visible on the front 
of the fabric and the colours were attractive. 
Deep shades such as dark blues hid the carbon 
impregnated fibres even on the back of the 
fabric. 

Static tests were carried out. Qlng tests 
showed that at 30% RH the sample was non- 
cling after 12 rubs with a nylon cloth on an 
inclined metal plate. A poly (ethylene tere- 
phthalate) control fabric showed cling ten- 
dencies. The fabric also failed to pick up 
cigarette ash after rubbing and holding 5 cm 
from the ash. The control fabric picked up 
significant amoimts. 

Similar fabrics were knitted with 1 end in 4 
containing 0.5%, 0.25% and 0.125% by 
weight of the conducting staple. Test results 
are given in the Table. 
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% carbon 
impregnated 
staple in 
fabric 
0 

0.125 

0.25 

0.5 



No of 
clings 

200 

4 

1 

0 



Ash 
attracted 
YES 
YES 
NO 
NO 



90 



95 



100 



105 



110 



115 



120 



The ding test was carried out by giving the 
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test fabric 12 strokes with a nylon cloth at 
30% RH, pulling it away fonn the metal 
plate and releasing it. 

EXAMPLE 14 

5 An 180 dtex 40 filament drawn yarn com- 
prising 1:1 shcath-corc heterofilamem with 
The sheath of cellulose acetate butjTate and the 
core poly (ethylene terephthalate) (IV 0.67) 
was pa'^^ed through a vibrating bath of carbon 

10 black oii a hot plate at 175^C at 100 ft/min. 
After washing the lesistance of the yam was 
lO*" ohms/cm. 

^ - EXAMPLE 15 

A 122 dtex 30 filament drawn yarn compris- 

15 ing 1 • 1 side: side heterofilament with one side 
polv(ethvkne terephthalate), of intrinsic vis- 
cosity 0.67 (measured in ortho-chloro-phenol 
at 2S^C), and the other polyethylene was 
pa^^ed through a vibrating bath of Vulcan 

20 XC-72R carbon black on a hot-plate at 150 0 
at 100 ft/min. After wiping off the excess 
carbon with a moist tissue the resistance of the 
yam was 5 X 10"* ohms/on. 

EXAMPLE 16 

25 A silver dispersion in methyl isobutyl ketone 
(Acheson dag dispersion 915) of particle size 

I 2 microns was applied to a 29 dtex drawn 

monofilament, having a nylon 6.6 core and 
75/25 nylon 6.6/6 sheath in the ratio of 1 : 1 

30 weight by means of a cotton wool pad. The 
coated fibre was then passed over a 6" hot- 
plate at 220«^C and wound up at 150 ft/min. 
The resistance of the fibre was variable and in 
the range 10^ to 10*^ ohms/cm after washmg. 

35 EXAMPLE 17 

A 6" square of 1,000 dtex lock weave 
poly(ethylene terephthalate) fabric was dipped 
into an aqueous dispersion containing 10% by 
weight of the carbon black as used in Example 

40 4, 1'^; by weight of a naphthalene sulphoniw 
acid condensate and 20% by weight of an 
ethylene oxide condensate of octyl cresol. 

It was allowed to drip, and dry in the atmo- 
sphere for 2 hours. Afterwards it was placed 

45 in an oven at 260^C for 5 minutes. Little 
carbon black could be washed from the sample, 
which had a resistance of 2000 ohms/cm. 

EXAMPLE 18 
A 6" square of weft knitted 80 dtex 20 fila- 
50 raent nylon 6.6 fabric was treated as in Ex- 
ample 17. The impregnated sample had a 
resistance of 1500 ohms/sq, 

EXAMPLE 19 
A nylon 6.6 fabric as in Example 18 was 
55 treated by dipping into an aqueous dispersion 

—of -carbon -black and allowed - to dry. -It- was 

then dipped into a bath of plasticiser com- 
prising a mixture of N-ethyl-ortho- and para- 
toluene sulphonamides, allowed to drip, and 



then placed in an oven at 200^C for 5 mins. 
The carbon remained firmly embedded in the 
5bies even after thorough washing. The resist- 
ance was 1000 ohms/sq. The sample was flex- 
ible. 

EXAMPLE 20 
2' v. by weight of 2", conducting staple, pro- 
duced from the carbon impregnated heterofila- 
ment yam described in Example 11, was 
blended with 98% by weight of poly- 
(eihylene terephthalate) staple and carded into 
a web. The web was needle-punched into a 
non-woven fabric. This fabric was useful both 
as an antil-siatic filter-cloth and an anti-stadc 
laundry belt. 

EXAMPLE 21 
A 4 oz/sq yard area bonded non-woven 
fabric made from bicomponent staple fibres 
having a poly(ethylene terephthalate) core 
and a sheath derived from a copolyesier con- 
taining 807i by weight of ethylene tere- 
phthalate and 20';. by weight ethvlene adipate 
units was immersed in a bath of an aqueous 
dispersion of carbon black. The dispersion 
consisted of 10*^.; by weight of the carbon 
black as used in Example 4, 1% by weight of 
a naphthalene sulphonic add condensate and 
Sl% by weight of water and had been ball 
milled for 4 hours. 

The sample of coated fabric was removed 
from the bath and allowed to dry in the atmo- 
sphere. It was then heated for 10 minutes at 
220^C in an oven. The carbon black pene- 
trated into the surface of the fibres and little 
carbon could be removed on washing. The in- 
crease in weight was 20 ?i on the iniual fabric- 
The lengthwise resistance of a 6 inch square 
of the treated fabric was 500 ohms. 

The fabric was still porous after this treat- 
ment, and water could readily pass through 
it. It was also flexible. 

To a 6" square of the treated fabric were 
attached two copper strips along parallel 
edges using staples. The conducting fabric was 
then completely insulated by sandwiching be- 
tween two sheets of nautral rubber of thickness 
0.025". The sandwich was placed in a press 
under 2 ton pressure for 15 minutes at 150^C. 
This cured the rubber and gave good adhesion 
between the rubber and the fabric. This struc- 
ture was flexible and non-porous. The resist- 
ance across die copper electrodes had not 
clianged and was still 500 ohms. 

The electrodes were connected to 240 A.C. 
mains voltage. The surface temperature of 
the heater reached lOO^C. 

Two such heaters were wrapped round a 2 
litre glass beaker and connected in parallel. 
Asbestos tape was wound roimd the heaters so 
that they pressed firmly onto the sides of the 
-beaker. for good. thermal contact and also for 
thermal insulation. The beaker was fiUed with 
water and a 240 volt A.C. voltage was applied 
to the heaters. The water boiled in 1 hour. 
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After 200 hours of such testing the resist- 
ance of the heaters in parallel had not changed. 

The word *^ulcan" used herein is a Regis- 
tered Trade Mark. 

5 WHAT WE CLAIM IS: — 

1. A drawn, electricaUy-conductive textile 
fibre made froni at least one man-made poly- 
meric material having electrically-conductive 
particles penetrating into a layer integral with 

10 the fibre and located so as to form at least a 
portion of the peripheral surface of the fibre, 
the electrically-conductive particles being pre- 
sent in an amount sufficient to render the elec- 
trical resistance of the fibre less than '5 X 10^ 

15 ohm/cm. 

2. A conductive fibre according to claim 1, 
in which the integral layer constitutes the peri- 
pheral surface of the fibre along the length 
thereof. 

20 3. A drawn electrically-conductive con- 
jugate fibre comprising at least two fibre- 
forming polymeric components arranged in 
distinct zones across the cross-section of said 
fibre and being substantially continuous along 

25 the length of said fibre, a first component hav- 
ing a lower melting point than the recond com- 
ponent and being located so as to form at least 
a portion of the peripheral surface of said 
fibre, said first component having electrically- 

30 conductive particles penetrating into an in- 
tegral outer surface layer in an amount suffi- 
cient to render the electrical resistance of the 
fibre less than 5x10^ ohm/cm. 

4. A conductive fibre according to claim 1, 
35 or daim 2, or claim 3^ in which at least some 

of said particles are penetrated into the suface 
layer to a depth of at least 0.3 microns. 

5. A conductive fibre according to any one 
of the preceding claims in which said panicles 

40 are penetrated to a maximum depth of less 
than 4 microns. 

6. A conductive fibre according to any one 
of claims 1, 2, 4 or 5 in which said fibre is 
a conjugate fibre made from at least two raan- 

45 made polymeric materials, 

7. A conductive fibre according to any one 
of claims 1 to 6 in which said fibre is a con- 
jugate fibre comprising two fibre-forming 
polymeric components arranged in distinct 

50 2ones across the cross-section of said fibre 
and being substantially continuous along the 
length of said fibre, a first component having 
a lower melting point than the second com- 
ponent, said first and second components being 

55 arranged in a sheath and core configuration 
lespecdvely. 

8. A conductive fibre according to any one 
of claims 1 to 6 in which said fibre is a con- 
jugate fibre comprising two fibre forming poly- 

60 meric components arranged in distina zones 
across the cross-section of said fibre and being 
substantially continuous along the length of 
said fibre, a first component having a lower 
melting point than the second component, said 



first and second components being arranged in 65 
a fide-by-side configuration. 

9. A conductive fibre according to any one 
of claims 3, 7, or 8 in wliich said first com- 
ponent has a melting point at least 30^C less 
than the melting point of said second com- 70 
ponent. 

10. A conductive fibre accordmg to any one 
of claims 3, 7, 8 or 9 in v/hich said first com- 
ponent has a melting point at least 40° C less 
than the melting poim of said second com- 75 
ponent. 

11. A conductive fibre according to any one 
of the preceding claims in which said particles 
are of aiverage diameter less than 5 microns. 

12. A conductive fibre according to any one 80 
of the preceding claims in which said particles 

are of average diameter less than 1 micron. 

13. A conductive fibre according to any one 
of the preceding claims in which said particles 

are present in an amount such as to occupy a 85 
voltmie of at least 0.03 mis per square metre 
of the softenable surface of the fibre. 

14. A conductive fibre according to any one 
of the preceding daims in which the electricall/ 
conductive particles are conducdve carbon 90 
black. 

15. A conductive fibre according to any one 
of claims 1 to 13 in which the dectrically-con- 
ductive particles are of silver. 

16. A multifilament yam, a rope or a cord, 95 
containing or comprising electrically-conduc- 
tive fibre according to any one of the preced- 
ing claims. 

17. A knitted or woven fabric containing or 
comprising electrically - conductive fibre 100 
according to any one of claims 1 to 15. 

18. A non-woven fibrous web or assembly 
containing or comprising electrically-conduc- 
tive fibre according to any one of claims 1 to 

15. 105 

19. A carpet containing electrically-conduc- 
tive fibre according to any one of claims 1 to 
15. 

20. An electrically-conducuve fibre having 

an electrical resistance less than 5X10° ohm/ 110 
cm substantially as hereinbefore described widi 
particular reference to the Examples. 

21. A process for making an electrically- 
conductive textile fibre comprising coating a 
drawn fibre made from at least one man- 115 
made polymeric material with electrically- 
conductive particles and softening a la3^r in- 
tegral with the fibre, and located so as to 
form at least a portion of the peripheral sur- 
face of the fibre, whereby the particles are 120 
caused to penetrate into the surface layer in 

an amount sufficient to render the electrical 
resistance of the fibre less than 5x10** ohm/ 
cm. 

22. A process for making a drawn electric- 125 
ally-conduaive conjugate fibre wherein a con- 
jugate fibre comprising at least two fibre- 
forming polymeric components arranged in 
distinct zones across the cross^section of said 
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fibre and being substantially continuous along 
the lencth of said fibre, a first compouent hav- 
ing a lower melting point than the second 
component and being located so as to form at 
least a portion of the peripheral surface of 
said fibre, is coated with electrically-conduc- 
tive particles at an elevated temperature, 
which is below the mehing point of the second 
component, sufficient to cause said particles to 
penetrate into an outer surface layer of said 
lirst component in an amount sufficient to 
render the electrical resistance of the fibre less 
than 5 XlO** ohm/cm. . 

23. A process according to dami 22 m 
which the coated fibre is subjected to further 
heating at an elevated temperature below the 
melting point of said second component. 

24. A process according to claim 21 in 
which the softening of the outer surface layer 
of the fibre is achieved by thermal treat- 
ment. , . . 

JS. A process according to claim 21 m 
wliich the softening of the outer surface layer 
of ilu* Tihre is achieved by application of a 
pb-ii:ising agent and by thennal treatment. 

2^». A process according to any one of claims 
2U 24 or 25 in which said fibre is a con- 
jusaic fibre made from at least two man-made 
pol\T«cric materials. 

27, A process according to any one of 
claims 21, 22, 23, 24 or 26 in which the pro- 
cess is continuous and comprises subjecting a 
drawn conjugate fibre, consisting of at least 
two fibre-forming polymeric components 
arranged in distinct zones across the cross- 



section of said fibre and being substantially 
continuous along the length of said fibre, a 
first component havmg a lower melting point 
than the second component and being located 
so as to form at least a portion of the peri- 
pheral surface of said fibre, to the steps of 
coating with electrically-conductive particles, 
heating said fibre such that an integral outer 
surface layer of said first component is 
softened sufficient to cause an amoimt of said 
particles to penetrate into said surface layer 
P^fficient to render the electrical resistance of 
the fibre less than 5x10' ohm/cm, sub- 
sequently cooling said surface layer to convert 
it to a non-softened condition and finally col- 
lecting said fibre. , 

28. A process according to any one of claiins 
21 to 27 in which the fibre is coated \vith said 
panicles in an amount such as to occupy a 
volume of at least 0.03 mis per square metre 
of the softenable surface of the fibre. 

29. A process according to any one of claims 
21 to 28 in which the electrically-conductive 
particles are conductive carbon black. 

30. A process according to any one of claims 
21 to 28 in which the electrically-conduaive 
particles are of silver. 

31. A process for making an electrically- 
conductive fibre having an electrical resistance 
less than 5x10"* ohm/cm substantially as 
hereinbefore described with panicular refer- 
ence to the Examples. 
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